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Abstract
The majority of children under the age of 5 appear to show spontaneous enjoyment of sing-
ing, being exposed to music and interacting with musical instruments, but whether variations
in engaging in such activities in the home could contribute to developmental outcomes is still
largely unknown. Critically, researchers lack a comprehensive instrument with good psycho-
metric properties to assess the home musical environment from infancy to the preschool
years. To address this gap, this paper presents two studies that describe the development
and validation of the Music@Home questionnaire, which comprises two versions: Infant and
Preschool. In Study 1, an initial pool of items was generated and administered to a wide
audience of parents (n = 287 for the Infant, n = 347 for the Preschool version). Exploratory
factor analysis was used to identify different dimensions comprising the home musical envi-
ronment of both infants and pre-schoolers, and to reduce the initial pool of items to a smaller
number of meaningful items. In Study 2, convergent and divergent validity and internal and
test-retest reliability of the new instrument were established, using data from a different
sample of participants (n = 213 for the Infant, n = 213 for the Preschool version). The second
study also investigated associations between the Music@Home and musical characteristics
of the parents, such as their musical education and personal engagement with music. Over-
all, the Music@Home constitutes a novel, valid and reliable instrument that allows for the
systematic assessment of distinct aspects of the home musical environment in families with
children under the age of 5. Furthermore, the Infant and Preschool versions of the Musi-
c@Home present differential associations with musical characteristics of the parents open-
ing a new area of inquiry into how musical exposure and interaction in the home may vary
across different developmental stages.
Introduction
An increasing body of research has recently revealed beneficial effects of formal musical expe-
rience on early cognitive and linguistic development (e.g., [1–2]), with the majority of studies
focusing on formal musical training given in classrooms (e.g., [3]). For most children under
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the age of 5 however, musical experience consists of everyday informal musical interaction in
the form of singing songs, dancing, being exposed to recorded music and playing musical
games in the home environment (for a review see [4]). This type of shared experience can
potentially support learning, by providing a pleasant framework in which parents engage in
activities with their children.
With respect to the effects that the home environment can have on children’s healthy devel-
opment, ample and robust evidence has indicated that the amount and quality of language
input in the early years is crucial for language acquisition [5–9]. A considerable body of litera-
ture has also demonstrated that the quality of the more general home environment, (conceptu-
alized as everyday interactions and shared activities between children and their caregivers) can
have beneficial effects on child development by providing more learning opportunities for
children via increased frequency of activities, such as book reading and availability of learning
materials. Positive developmental outcomes of enriched home learning environments include
improved language and literacy skills [10], early numeracy skills [11–12], higher reading scores
[13–14] and optimal social-emotional abilities [14–15]. Some measures of general shared activ-
ities have also included items related to music making (e.g. [15]) but very little research has
focused on the musical environment at home per se. We suggest that the quantity and quality
of informal musical activities may have a specific influence on the development of social, cog-
nitive and linguistic abilities of the child, over and above influences emanating from a general
enriched home environment.
One excellent example of informal musical experience introduced early in life is infant-
directed (ID- henceforth) singing. ID-singing, similarly to ID-speech [16–17], can be distin-
guished from other types of singing mainly due to characteristics such as higher pitch, slower
tempo ([18], mostly referring to lullabies), more expressive rendering of lyrics and higher emo-
tional engagement [19–20]. Studies have shown that maternal singing can regulate the levels of
arousal in 6-month-old infants [21] and infants show increased responsiveness (visual feed-
back) to videos of mothers singing versus speaking at 6 [22] as well as 11 months [23], presum-
ably because mothers’ singing performances are rated as more emotional when compared to
speech [22]. Studies have also indicated that singing facilitates speech segmentation in both
infants [24–25] and adults [26] highlighting its potentially beneficial role in language develop-
ment. Indeed, singing may support language learning through the presence of pitch variations
that can aid in the discrimination of syllables [26] while also increasing interest and attention
[25–26].
Parental singing may hold a central position in early musical interactions where infants’
activities are limited [23], [27–29], but the repertoire of musical activities becomes more varied
as children grow older [30–33]. An elegant qualitative analysis of 18 young children’s record-
ings, parental diaries and interviews with caregivers, provided rich information about parent-
child musical activities in the preschool years [34], which appear to include joint and sup-
ported singing (e.g., children’s songs, counting songs, and nursery rhymes), improvising songs
to accompany everyday routines, dancing, playing musical (including toy) instruments, and
listening to recorded music [34–35]. Critically, the majority of studies that have explored the
home musical environment in the early years report that most parents of children under 6
years interact musically with their children in various ways [28–29], [31], [33]. Furthermore,
children’s home musical activities appear to have increased in recent years, a tendency associ-
ated to the rapid advancements in digital technologies and to sociological factors such as chil-
dren spending more time at home and less time playing outdoors [36].
Given the predominance and richness of musical activities within family environments and
the spontaneous enthusiasm that the majority of young children show for musical play, it is
surprising how little we know about the effects that this dimension of parent-child interactions
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can have on development. To our knowledge, two studies so far have directly addressed the
effect of such informal musical experience (not limited to maternal singing), on early cognition
and language: [37] and [38]. Putkinen and colleagues [37] asked parents to report how fre-
quently their 2- and 3-year-old children engaged in activities such as singing and dancing as
well as how often they interacted musically with their children. Higher scores in these reports
were significantly related to more refined ERP responses associated with change detection in
the duration and temporal structure of sounds. These results suggested that children whose
environment was more musically enriched had developed more mature auditory processing at
the neural level. Williams and colleagues [38] employed a longitudinal design to assess the
effect of enriched musical activities in the home using a single-item measure in parent self-
reports when their children were 2 and 3 years old, on cognitive, emotional and social markers
of development 2 years later. Moderate associations were found between the frequency of
shared musical activities at 2 and 3 years and the children’s vocabulary, arithmetic abilities,
attentional and emotional regulation, and prosocial skills 2 years later. Critically, small effects
(β< .08) of shared musical activities on all of the above outcomes were maintained even when
the authors controlled for the effect of shared book reading, an activity found to be strongly
associated with later academic achievements [10], [39].
Although these two studies were valuable in identifying associations between frequency of
musical interactions and both auditory processing [37] and cognitive and socio-emotional
aspects in early development [38], both used a small number of ad hoc frequency items (7
items in [37], 1 item in [38]) to describe musicality in families. However, the home musical
environment can consist of a number of dimensions (e.g., parental singing, the child’s engage-
ment with music) differentially relating to aspects of early development and a small number of
items broadly evaluating musical experience in the home might fail to capture these associa-
tions. Perhaps for this reason some studies have produced inconsistent results. For instance,
Hartas [15] conducted a longitudinal study to investigate the effects of the home learning envi-
ronment on developmental outcomes in a sample of 15,600 3- to 5-year-old children. Two
items embedded in parental interviews that assessed the frequency of singing songs/rhymes
and playing music at home did not exhibit significant associations with later linguistic or
social-emotional enhancements. It is worth noting however, that in this study there was no
direct measurement of children’s socio-emotional and language and literacy development but
rather results were based on teachers’ ratings.
A number of parent-report tools have been used in the past to assess parent-child musical
engagement at home for different age groups. To our knowledge, the first parent self-report
instrument designed to explore the musical environments of school-aged children, the Home
Musical Environment Scale (HOMES), was published by Brand in 1985 [40]. The HOMES
comprised 4 factors relating to different aspects of parent and child involvement with music
(i.e., i. parents’ attitude toward music and musical involvement with child, ii. parental concert
attendance, iii. parent-child ownership and use of records/tapes and iv. parent plays a musical
instrument) and displayed good reliability and concurrent validity, as tested with a sample of
7-year-old children’s families. The main motivation for its development was for music educa-
tional purposes such as nourishing the musical potential of primary school students or
exploring associations between the HOMES and children’s musical attainment [40–41]. The
HOMES was not intended for the use with infants or preschoolers. Another validated instru-
ment recently created to assess the musical behaviour of children under the age of 5, is the
Children’s Musical Behavior Inventory or CMBI [42]. The CMBI is an 8-factor, 97-item paren-
tal report designed to assess the frequency by which children engage in a number of musical
behaviours such as music-listening, singing and dancing, with the aim of identifying and
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meeting their musical needs in preschool education settings. While seven of the eight factors
in the CMBI are associated with child-initiated musical behaviours one factor also assessed the
frequency of parent-initiated musical activities. The CMBI dimensions showed good reliability
(Cronbach’s α ranged from .77 to .97) and adequate construct validity as tested with confirma-
tory factor analysis [42].
Other studies have used ad-hoc questionnaires and/or parental interviews to explore how
parents use music at home with children younger than 6 years, either for descriptive purposes
[28], [30], [33], [35] or to examine how the parents’ previous experience with music can affect
current musical engagement with their children [29], [31], [43]. All of the instruments used in
the above studies explored musical experience in specific age groups focusing on either the
infant or the preschool range.
Indeed, most of the home musical environment measurements used so far have addressed
specific aspects of this experience such as frequency of musical interactions while neglecting
others, such as breadth of musical exposure or parental beliefs regarding music and develop-
ment. In addition, apart from the CMBI [42] there is no available validated measurement
instrument for the younger age group. Therefore, we deemed it necessary to create a system-
atic, easily administered and brief research tool that would encompass a range of parent and
child musical behaviours for children under the age of 5.
The aim of the present study was to develop a valid and reliable parent-report instrument
that can be used for the assessment of the home musical environment from infancy to the pre-
school years and in research examining potential effects of this type of environmental experi-
ence on a range of developmental outcomes. Within the development of this instrument,
another aim was to elucidate potentially different dimensions comprising informal musical
experience in the home for different developmental levels, i.e., infancy and preschool years. To
the above ends, Study 1 included the generation of a pool of items that were administered to a
large sample of participants. Exploratory factor analysis was used to identify underlying
dimensions within the items and reduce the initial pool of items to a smaller number. In Study
2, data from a different sample of participants was used to establish convergent and divergent
validity and reliability of the new instrument. Furthermore, in Study 2 we assessed whether the
Music@Home would be associated with musical background and behaviours of the parents,
such as musical education and personal engagement with music. The research undertaken and
presented in this paper received ethical approval from the Ethics Committee of Middlesex
University as conforming to the ethical principles of the British Psychological Association and
the WMA Declaration of Helsinki.
Study 1: Development of Music@Home questionnaires
In the first study, two questionnaires were created: the Music@Home-Infant (3 months to 1
year and 11 months) and the Music@Home-Preschool (2 years to 5 years and 6 months)
respectively, aiming to capture and quantitatively assess the range of musical behaviours
occurring in the home environment of families with young children. Two years of age was
taken as a cut-off between infancy and the preschool years for practical reasons: this instru-
ment is envisaged to be used in research looking at the effects of the home musical environ-
ment on developmental outcomes, such as formal language and cognitive assessments. Beyond
two years most children will have achieved major developmental milestones such as walking
and finer motor control, symbolic thinking and talking. Although many children begin to pro-
duce multiword sentences before the age of 2, only in the third year are most children verbally
fluent. Thus, before and after 2 years are stages that are likely to offer different opportunities
for parents’ musical interactions with their children.
Music@Home questionnaire development and validation
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Materials and methods
A total of 67 items were compiled covering a broad definition of musical experience at home,
which was conceived as: “informal musical interactions and/or musical activities directed at or
involving children”. Items were selected based on a review of relevant pre-existing items
(Musical Experience in the Family Questionnaire; provided by co-author of this manuscript
Fabia Franco, [31], [37], [38]), and on preparatory work conducted in the two years leading up
to the start of the project. This involved informal conversations with parents of infants and
preschoolers spanning personal circles and nurseries in four countries (UK, France, Italy, Aus-
tralia and Greece). In addition, two families recruited through personal connections (a family
of an infant and a family of a preschool child) agreed to write down short descriptions of any
music-related activity that they may engage in with their children at home. Notes from infor-
mal conversations and written descriptions were subsequently used to compile a list of activi-
ties that formed the basis for item generation.
The initial 67-item list covered 12 different aspects of musical experience at home, which
were considered by the team as relevant to the working definition. These dimensions were:
Structured musical activities, Parental attitudes towards music, Music use for child’s emo-
tional/mood regulation, Child listening to music, Child moving to music, Child music making,
Infant and child directed singing, Child singing, Breadth of musical exposure, Daily routine
and home activities, Child music preferences, Beliefs about music and development. Within
each of the above dimensions we ensured as much as possible that negatively and positively
worded items were balanced. The majority of items were applicable to both infants and pre-
schoolers. However, 7 items relevant to preschoolers and deemed necessary in the description
of informal musical experience in this age group, could not apply to infants (e.g., My child
sings along to music on the television). Therefore, two versions of the questionnaire were
created: an infant version containing 60 items, and a preschool version containing an addi-
tional 7 items. A 7-point agreement-disagreement scale was used for all items, ranging from
Completely Disagree (1) to Completely Agree (7). Item scores for negatively worded items
were inversely coded such that the score for Completely Disagree (1) corresponded to the
score for Completely Agree (7).
Participants
English-speaking participants (including advanced non-native, fluent and native speakers)
from English-speaking and other countries were recruited via social media, parent networks,
participant databases and public mailing lists. To be eligible for the study, participants had to
be parents of children between the ages of 3 months and 5 years and 6 months. A total of 724
individuals (n = 395 for the Preschool and n = 329 for the Infant version) took part initially.
However, 90 participants (n = 48 for the Preschool and n = 42 for the Infant version) were
excluded for [i] having children outside the age range reported above (they were either under
3 months or over 5 years and 6 months), [ii] completing fewer than 80% of the questionnaire
items.
A total of 347 participants were therefore included in the Music@Home-Preschool analysis.
The primary caregiver completing the survey was predominantly the mother (n = 312), while
in a few cases it was the father (n = 34) or another relative (n = 1). The mean age of participants
was 36.56 years (SD = 4.78) and the mean age of the children for who the survey was completed
was 3.58 years (SD = .98). Detailed demographic information for participating parents and
children is reported in S1 and S2 Tables respectively.
A total of 287 participants were included in the Music@Home-Infant analysis. The primary
caregiver completing the survey was predominantly the mother (n = 265) while in 22 instances
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it was the father who completed the survey. The mean age of participants was 35.13 years
(SD = 5.29) and the mean age of the children for whom the survey was completed was 14.52
months (SD = 6.54 months). Demographic details for participating parents and infants are
summarized in S3 and S4 Tables respectively.
Procedure
The infants and preschool surveys were constructed using the Qualtrics online survey tool [44]
and participants were directed to the appropriate version according to the age group of the
child for whom they completed the survey (i.e., Infant or Preschool). The Music@Home ques-
tionnaire was intended for the primary caregiver (i.e., the caregiver that spends more time
with the child); in case of equal parenting, either caregiver could complete the questionnaire.
Participants were asked to take into account all musical interactions in the family that may
involve the child, including activities that are carried out by other members of the family (e.g.,
carers or siblings).
Parents were invited to complete the survey by clicking on an online link, which was posted
on social media and parent networks or emailed to participant databases and public mailing
lists. Participants were first required to give their informed consent and then completed the
Music@Home items along with a short demographic questionnaire. If taken without pauses,
completion of the survey took approximately 20–30 minutes. Participants received no com-
pensation for completing the survey.
Statistical analyses
All data were analyzed using the R software environment [45]. Exploratory factor analysis
(EFA) was employed in both infant and preschool versions of the Music@Home using the
psych package [46] to identify different dimensions within the set of items that would corre-
spond to subscales of the questionnaires. Two factor extraction methods typically used in
exploratory factor analysis were implemented i.e., maximum likelihood estimation and mini-
mum residual factor analysis. The criteria employed for factor extraction included: parallel
analysis [47–48], Kaiser’s criterion (only factors with eigenvalues >1 are retained; [48], visual
inspection of the screeplot [49], Velicer’s Minimum Average Partial (MAP) criterion [50], and
Revelle and Rocklin’s Very Simple Structure (VSS; [51]).
As one of the main aims was to reduce the number of items in order to obtain a coherent,
meaningful and quick-to-administer tool, an item reduction procedure using the Schmid-Lei-
man factor analysis solution [52] with maximum likelihood estimation and oblique rotation
was followed for both versions (see next section for a more detailed explanation of the
Schmid-Leiman factor solution and reasons why it was deemed suitable for the current data
analysis task). This procedure involves recalculating the optimal factor structure after each
iteration. Items were therefore screened and removed at each stage of the analysis if [a] they
had high uniqueness values (>.7) (a high uniqueness value indicates that a high amount of the
item’s variance is not explained by any of the factors in the model [53]), [b] they had very low
loadings on either the general factor or all of the sub-factors or [c] they had similar loadings on
more than one sub-factors (values between .20 and .40). Each time items were removed, a
Schmid-Leiman factor model was computed again based on the optimal number of sub-factors
suggested at the previous stage (this was based on the RMSEA index as well as on the interpret-
ability of the factor solution), until all remaining items had adequate loadings on the general
factor and/or on one of the sub-factors.
As a final step, a confirmatory factor analysis (CFA) procedure was employed to examine
the factorial validity of the models we had constructed using the described procedure. For
Music@Home questionnaire development and validation
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both the Infant and the Preschool models all factor residual variances were set to 1 and all fac-
tors were set to be uncorrelated, as suggested in [53]. The CFA was carried out using the R
package lavaan [54].
Results
Music@Home-Preschool
First, 17 items were excluded from further analyses as they were found to have highly skewed
distributions (skewness > 1.0). An initial EFA was run on the 12 dimensions that were initially
hypothesized. Different criteria indicated solutions where the optimal number of factors ran-
ged from 1 to 12. Furthermore, when performing parallel analysis the first factor yielded an
eigenvalue 7 times larger than the second factor. The results above indicated the presence of a
model where a general factor existed in parallel with domain-specific sub-factors [53], [55]. In
other words, it was suggested that all items of the Music@Home-Preschool measure a general
construct (presumably the home musical environment) while in addition facets of this con-
struct may exist that are independent of each other after accounting for the general construct.
Our model can be specified as either a higher-order (i.e., a model where a general factor
accounts for the covariance between lower-level sub-factors) or a bi-factor model (i.e., a model
where a general factor exists in parallel with domain-specific sub-factors considered to be
unrelated to the general factor). A bi-factor approach was deemed more appropriate in this
case for two reasons: [a] In the bi-factor model a general factor accounts for the conceptual
commonality between the items by having a direct influence on them, while in a higher-order
model the general factor influences the items indirectly via the sub-factors [55]. In this case,
the Music@Home general construct was considered to directly derive from the items while
domain-specific dimensions of this construct also existed. [b] The bi-factor model is particu-
larly useful when the researcher’s interest is to examine predictive relationships between the
domain-specific dimensions of for example, a scale and other variables, after accounting for
the general factor [53]. This is particularly relevant in this case as one of the aims of construct-
ing the Music@Home instrument was to identify dimensions within this construct that could
have differential effects on aspects of development.
A test using McDonald coefficient omega [56], which is a sensitive and reliable measure for
the detection of a general factor [51], [57], confirmed the presence of a bi-factor structure for
all factor solutions that were tested (i.e., the presence of a general factor was tested for different
possible numbers of sub-factors; numbers ranged from 2 to 12). For each one of these solu-
tions values of omega ranged from .75 to .79 (values above .6 indicate the presence of a general
factor according to [56]. Furthermore, hierarchical factor analysis models that included sub-
factors showed a better fit than a 1-factor model, as assessed from smaller values of the Root
Mean Square Error of Approximation or RMSEA index [58].
To control for this general factor in the search for the correct number of sub-dimensions in
the data, we first performed a factor analysis with maximum likelihood estimation extracting
only one factor and then used the matrix of residuals for further analysis [59]. A parallel analy-
sis on the residual matrix using Kaiser’s criterion (i.e., only factors with eigenvalues above 1
are retained) suggested the existence of 6 sub-factors while the MAP criterion suggested that
four was the optimal number of factors. Both of these numbers of sub-factors were entered in
the analysis to test which one gave the best model fit. The best RMSEA value (.06) was found
for the model including 6 sub-factors (RMSEA index was .06, compared to .068 in the 4- sub-
factor solution). This factor solution was the starting point for the item reduction procedure.
To this end, the Schmid-Leiman factor solution [52] was used, which is considered suitable for
bi-factor models as it calculates direct relations (these are reflected on factor loadings) between
Music@Home questionnaire development and validation
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individual items and sub-factors after accounting for the impact of the general factor as well as
direct relations between individual items and the general factor after accounting for the impact
of sub-factors [60].
In subsequent stages, four items with high uniqueness values, 20 items that had very low
loadings on either the general factor or all of the sub-factors and 7 items that had similar load-
ings on more than one sub-factors were removed. The Schmid-Leiman factor model was com-
puted, until 19 items that had adequate loadings on the general and on one of the sub-factors
remained. A subsequent analysis using the Schmid-Leiman procedure on those 19 items
yielded a 4-factor solution with an acceptable fit to our data (RMSEA = .067) (see [58] and [61]
for detailed discussions on RMSEA values that indicate an acceptable fit) and an omega value
of .7. All factors had eigenvalues >1. Details of the 4 sub-factors their items and their loadings
are presented in S5 Table.
Next, we assigned suitable labels to the 4 sub-factors. The 6 items that loaded on the first
sub-factor included statements about musical activities (singing and music-making with either
real or toy instruments) that were initiated by the parent. Therefore, the first sub-factor was
labelled Parent Initiation of Musical Behaviour. The 4 items that loaded on the second sub-fac-
tor concerned the child’s musical activities. The second sub-factor was therefore named Child
Active Engagement with music. The third sub-factor included 5 items and reflected parental
beliefs about music and development and was therefore named Parental Beliefs. The fourth
sub-factor included 4 items concerned with the range of musical styles that the child is exposed
to within the home either via song, live instruments or electronic devices such as loudspeakers.
It was therefore labelled Breadth of Musical Exposure.
Finally, a CFA procedure was used to test a bi-factor model that, as suggested by the EFA,
was comprised of: [a] a general factor defined by all the items in the reduced version except
item 19 which did not load adequately on the general factor and, [b] 4 sub-factors correspond-
ing to the groupings above. When we ran the model on the first instance, it was observed that
two items had weak loadings on their respective sub-factors (loadings < .2) indicating that
these should be removed. The model was then re-run without the two items. According to the
RMSEA, Bentler’s Comparative Fit Index (CFI) and Standardized Root Mean Square Residual
(SRMR) fit indices the model had a good confirmatory fit to the data (see Table 1) while the
Tucker-Lewis Index (TLI) was close to the cut-off of .95 [58]. Factor structure and item load-
ings of the Music@Home-Preschool model as formulated by CFA are presented in S1 Fig.
Music@Home-Infant
First, 10 items were excluded from further analyses as they were found to have highly skewed
distributions (> 1.2). We then proceeded to explore dimensionality of the data. As with the
preschool version, different criteria suggested solutions where the optimal number of factors
varied from 1 to 8. This result, as well as the fact that the first factor extracted yielded an eigen-
value five times larger than the second factor suggested the presence of a model where a gen-
eral factor existed in parallel with domain-specific sub-factors [53–55]. The McDonald
coefficient omega [56] value confirmed the presence of a hierarchical model for all possible
Table 1. Fit indices for the Music@Home-Preschool tested in CFA.
CFA model χ2 df RMSEA CFI TLI SRMR
M@H-Preschool 208.49 103 .054 .945 .927 .045
Note: M@H = Music@Home, RMSEA = Root Mean Square Error of Approximation, CFI = Bentler’s Comparative Fit Index, TLI = Tucker-Lewis Index,
SRMR = Standardized Root Mean Square Residual.
https://doi.org/10.1371/journal.pone.0193819.t001
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numbers of sub-factors; these numbers ranged from 1 to 12. For each one of these solutions
values of omega ranged from .68 to .77. Hierarchical factor analysis models that included sub-
factors showed better fit than a 1-factor model.
As before we first performed a one-factor analysis and extracted the matrix of residuals. A
parallel analysis on the residual matrix combined with the Kaiser’s and the MAP criterion sug-
gested the existence of 5 sub-factors. This was taken as clear indication that five was the opti-
mal number of sub-factors. Following the analysis of the Preschool version and since both
versions were part of the same instrument we conceptualized our model as bi-factor. The
Schmid-Leiman solution was therefore used to reduce the number of items and to explore the
factor structure of the questionnaire.
Following the item reduction process employed with the Music@Home-Preschool, the
analysis was re-run until 23 items remained. Overall, 14 items with high uniqueness values
(>.7) and 13 items with either very low loadings (<.2) or similar loadings on two rather than
one sub-factor (loadings between .2 and .35) were removed. A subsequent analysis on those 23
items yielded a five-factor solution (all factors had eigenvalues >1) with a very good overall fit
to the data (RMSEA = .049) and a high omega value (.7). Details of the factorial structure are
reported in S6 Table.
The next step was to designate appropriate labels to the 5 groupings suggested by the sub-
factors. The first grouping was named Parental beliefs as it included items that reflected
parent’s attitudes towards music and development. The second grouping of items concerned
parental activities and attitudes about regulating the child’s emotion through music and sing-
ing. It was therefore labelled Emotion Regulation. The third grouping of items was related to
the child’s engagement with musical activities and was therefore named Child’s Active Engage-
ment. The fourth grouping included statements about singing activities that were initiated by
the parent and was therefore labelled Parent Initiation of Singing. The fifth factor included
items concerned with parent-child music-making and was therefore named Parent Initiation
of Music-Making. It is important to note that analogies but also differences are observed
between groupings in the Preschool and Infant version. Implications and possible interpreta-
tions of these analogies are discussed below.
Finally, a CFA procedure was employed to test a bi-factor model that, as suggested by the
EFA, was comprised of: a general factor defined by all the items in the reduced version of the
questionnaire and 5 sub-factors. When we ran the model in the first instance, it was observed
that two of the items had weak loadings on their respective sub-factors (loadings <.2) suggest-
ing that they should be removed. After removing these two items, the model was re-run. This
model showed a good fit to the data according to the RMSEA, CFI and SRMR fit indices while
the TLI index was close to the cut-off of .95 (see Table 2). Factor structure and item loadings of
the Music@Home-Infant model as formulated by CFA are presented in S2 Fig.
Study 2: Reliability and validity of the Music@Home
The purpose of Study 2 was twofold: [a] to establish reliability and validity of both the Pre-
school and Infant versions of the Music@Home and, [b] to assess whether the Music@Home
Table 2. Fit indices for Music@Home -Infant tested in CFA.
CFA models χ2 df RMSEA CFI TLI SRMR
M@H- Infant 295.32 168 .051 .947 .934 .049
Note: M@H = Music@Home, RMSEA = Root Mean Square Error of Approximation, CFI = Bentler’s Comparative Fit Index, TLI = Tucker-Lewis Index,
SRMR = Standardized Root Mean Square Residual.
https://doi.org/10.1371/journal.pone.0193819.t002
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would be associated with musical characteristics of the parents such as active engagement with
music and level of formal musical experience.
Materials and methods
Participants
As in Study 1, English-speaking parents of children between the ages of 3 months and 5 years
and 6 months were recruited via social media, parent networks, participant databases and pub-
lic mailing lists. A total of 443 individuals participated in the first instance (n = 222 for the Pre-
school and n = 221 for the Infant version) but 17 participants (n = 9 for the Preschool and
n = 8 for the Infant version) were excluded because their children were not in the appropriate
age-range.
A total of 213 participants completed the Preschool version of the Music@Home. The pri-
mary caregiver participating was in most cases the mother (n = 194) while in some cases it was
the father (n = 19). The mean age of participants was 37.02 years (SD = 4.49). The mean age of
the children for whom the survey was completed was 3.34 years (SD = 11.64 months). As a
measure of socioeconomic status, rather than using the level of income, we used National Sta-
tistics Socio-economic Classification system (NS-SEC). The NS-SEC is the latest revised socio-
economic classification recommended by the Economic and Social Research Council (ESRC)
and commissioned by the Office for National Statistics (ONS) [62]. The NS-SEC derives infor-
mation from occupation and employment status/size of organization to classify individuals in
5 classes; it is an internationally accepted classification and has been validated as a good predic-
tor of educational outcomes [62]. Demographic information for participating parents and chil-
dren in the preschooler sample is summarised in S7 and S8 Tables respectively.
A total of 213 participants completed the Infant version of the Music@Home. The primary
caregiver participating was predominantly the mother (n = 206), while in few cases it was the
father (n = 6) or other relative (n = 1). The mean age of participants was 35.14 years (SD =
4.60) while the mean age of the children was 12.81 months (SD = 5.71 months). Demographic
information for participating parents and children in the infant sample is reported in S9 and
S10 Tables respectively.
Materials
As in Study 1, all items were entered into the Qualtrics online survey tool [44]. A 7-point agree-
ment-disagreement scale was used for all items of the reduced-item versions of the Musi-
c@Home—Infant and Preschool.
With the aim of testing the convergent and divergent validity of the newly developed instru-
ment and to examine whether there would be associations with parental characteristics rele-
vant to musical engagement (as measured with the Gold-MSI, Goldsmiths Musical
Sophistication Index, [59]) and general environmental aspects, the survey also included:
1. Two subscales from the Gold-MSI, namely the Musical Training and Active Engagement
with Music subscales.
2. Five items taken from the Parent Music Activities subscale of the Children’s Music Behavior
Inventory (CMBI; [42]) to test for convergent validity. These items were selected from a
subset of 10 items that had the highest loadings on the Parent Music Activities factor of the
CMBI (Valerio Wendy, personal communication 03/06/2016). Their selection was based
on their applicability for both infants and preschoolers.
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3. Two subscales from the Stim-Q Cognitive Home Environment [63] to test for divergent
validity, namely the Reading and Parental Involvement in Developmental Advance scales.
The Stim-Q assesses the quality of the home learning environment and similarly to the
Music@Home, different versions have been developed for infants and preschoolers. There-
fore, both the Stim-Q Infant and the Stim-Q Preschool were used.
Procedure
As in Study 1, participants completed the online survey after giving their informed consent.
Completion lasted approximately 20–30 minutes, provided that it was taken without pauses.
As compensation for participating, parents were offered the opportunity to download five chil-
dren’s songs at the end of the survey that were composed and arranged for the purposes of this
research.
For the test-retest reliability phase all participants in Study 2 who had agreed to be involved
in future research by providing their email addresses, received an email invitation to complete
the reduced-item version of the Infant and Preschool Music@Home within 1 month of initial
completion. A total of 27 participants for the Preschool version (Mage of children = 3.30 years,
SD = 11.95 months) and a total of 31 participants for the Infant version (Mage of infants = 10.87
months, SD = 4.75 months) took the survey on both occasions.
Statistical analyses
As a first step, we assessed the internal reliability of each subscale corresponding to each factor
of the Music@Home questionnaires as well as of the general Music@Home factors, using three
different measures, namely, Cronbach’s alpha, MacDonald’s omega total, and Guttman’s
lambda 6. Scores for each Music@Home subscale and for the general factors were calculated
by summing item scores.
To establish factorial validity of the Music@Home, we employed confirmatory factor analy-
sis (CFA) using the R package lavaan [54] to test whether the models constructed in Study 1
using the Schmid-Leiman solution would fit the data from the sample collected in Study 2.
Therefore, for both Preschool and Infant versions, a bi-factor model was tested where the gen-
eral factor impacted directly on all items (i.e., all items loading directly on the general factor)
while the sub-factors also impacted on the items associated with them (i.e., individual items
also loaded on their respective factors). It is important to note that item 13 of the Musi-
c@Home-Preschool (see S5 Table) was only included in the specification of the Parent Initia-
tion of Musical Behaviour subscale, as its loading to the general factor in Study 1 was low.
Finally, we performed correlational analyses to assess convergent and divergent validity of our
instrument and to examine associations between the Music@Home (general factor and sub-
scales) and two subscales from the Gold-MSI, i.e., Musical Training and Active Engagement
with Music subscales.
Results
As can be seen in Table 3, all subscales of the Preschool version showed moderate to very good
reliability estimates. Similarly, all subscales of the Infant version showed moderate to very
good reliability apart from Emotion Regulation. Table 3 also presents test-retest reliability cor-
relations. All subscales in both versions, apart from the Emotion regulation subscale of the
Music@Home-Infant, displayed high test-retest correlations (.647 to .871) significant at the
p< .001 level. The test-retest correlation for the Emotion Regulation subscale was non-
significant.
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Given that these results suggested that the correspondence of the Emotion Regulation items
to a separate grouping is questionable, this subscale and its items were excluded from further
analyses. Reliability of the Music@Home –Infant general factor was then re-calculated. This
analysis returned very good internal and test-retest reliability (see Table 3).
Confirmatory fit indices for both versions of the Music@Home questionnaire are presented
in Table 4. Fit indices for the Music@Home-Preschool model are within the acceptable range
while the Music@Home-Infant shows very good confirmatory fit to the data. Factor structure
and item loadings of both CFA models are presented in Figs 1 and 2.
As shown in Table 5, both versions of the Music@Home and their associated subscales
show highly significant correlations with the CMBI, establishing convergent validity of the
scale. Furthermore, both the Preschool and Infant versions of our instrument exhibit low to
moderate associations with the Reading and PIDA subscales of the Stim-Q, suggesting that the
Music@Home measures a unique form of engagement that can be disentangled from general
engagement of parents with their children. Interestingly, the Child Engagement with Music
subscale of the Music@Home-Infant shows high correlations with both the Reading and PIDA
subscales. As it is unlikely that this subscale, which refers to the child’s behaviour, measures
general parental engagement, this result might indicate a connection between the quantity and
quality of parent-child engagement in various activities and the child’s attitude towards these
activities. Moderate but significant correlations are observed between the majority of the Musi-
c@Home Infant subscales and both Active Engagement and Musical Training scores for
Table 3. Estimates of internal reliability and test-retest reliability correlations for the Music@Home-Preschool and Music@Home-Infant factors.
alpha omega.tot G6 test-retest
M@H-Preschool general factor .851 .871 . 895 .83
Parental beliefs .710 .735 . 674 .87
Child’s active engagement .765 .781 . 746 .68
Parent initiation of musical behaviour .799 .804 . 766 .82
Breadth of musical exposure .662 .676 . 602 .81
M@H-Infant general factor .873 .879 .909 .69
Parental beliefs .693 .717 .637 .82
Emotion regulation .569 .584 .480 .21
Child’s active engagement .835 .842 .832 .67
Parent initiation of singing .808 .820 .793 .64
Parent initiation of music-making .857 .861 .803 .68
Note:
p <.001
Note: The final version of the Music@Home-Infant did not include the Emotion Regulation subscale.
Note: Reliability measures for the Music@Home-Infant general factor before the Emotion Regulation subscale was removed: internal reliability: alpha = .876, omega tot
= .883, lambda G6 = .911, test-retest reliability: r = .657, p< .001.
https://doi.org/10.1371/journal.pone.0193819.t003
Table 4. Fit indices for the Music@Home-Preschool and Infant models assessed with CFA.
Models χ2 df RMSEA CFI TLI SRMR
M@H-Preschool 222.055 105 .072 .872 .834 .070
M@H-Infant 161.761 117 .042 .963 .952 .049
Note: M@H = Music@Home, RMSEA = Root Mean Square Error of Approximation, CFI = Bentler’s Comparative Fit Index, TLI = Tucker-Lewis Index,
SRMR = Standardized Root Mean Square Residual.
https://doi.org/10.1371/journal.pone.0193819.t004
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parents’ from the Gold-MSI. In contrast, the Music@Home Preschool factors show significant
correlations with Active Engagement but not with Musical Training.
Discussion
The purpose of the present study was to develop and evaluate a comprehensive and systematic
parent-report instrument, capable of assessing the musical home environment for children
under the age of 5. Given qualitative differences in the way parents may engage musically with
infants relative to preschoolers, two versions of the new Music@Home were developed,
namely, Preschool and Infant.
Results from Study 1 showed that the Music@Home experience for both infants and pre-
schoolers was best described as comprising a general factor corresponding to the home musi-
cal environment, while dimensions or sub-factors of this construct existed in parallel [53–55].
Fig 1. Factor structure of the Music@Home-Preschool as formalized by confirmatory factor analysis.
https://doi.org/10.1371/journal.pone.0193819.g001
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These sub-factors quantify a range of dimensions relevant to the informal musical environ-
ment in the home. The factor structures of the Infant and the Preschool versions differed in
terms of sub-factors they included, reflecting variations in the musical engagement and nature
of parent-child interactions between the two age groups. The dimensions identified and the
parallels and differences between the Infant and the Preschool versions are outlined below,
and provide new intuitions about early musical experience in the home adding to previous
research that has explored this concept either for descriptive purposes [28–33] or in music
educational contexts [32], [41–43].
With respect to the Music@Home-Preschool, four factors were identified. These corre-
sponded to the following dimensions: Parental Beliefs, Child Engagement, Breadth of Musical
Exposure and Parent Initiation of Musical Behaviour. A variant of this structure was identified
for the Infant version, the factors of which were assigned the following names: Parental Beliefs,
Fig 2. Factor structure of the Music@Home-Infant as formalized by confirmatory factor analysis.
https://doi.org/10.1371/journal.pone.0193819.g002
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Child Engagement, Emotion Regulation, Parent Initiation of Singing, and Parent Initiation of
Music-making. Notably, the Emotion Regulation subscale exhibited low internal and test-
retest reliability and was subsequently discarded.
“Parental beliefs” represents notions of the parents with regards to the beneficial effects of
music to their child’s general development. Importantly, the same cluster of questions that
reflected parental beliefs in the Music@Home—Preschool were also uncovered during the
-Infant version analysis, suggesting that this is a facet of the home musical environment pos-
sibly independent of a child’s age. The Preschool version however, included an extra item (“I
think musical activities are important for learning to communicate”) reflecting the expanded
communicative repertoire of preschoolers. This aspect has been previously addressed in stud-
ies looking to describe the musical home environment of infants and young children [28],
[30–31], [43], [64–65] or exploring music-related parental attitudes in relation to music edu-
cational outcomes [41], [66–69]. These studies have shown that parents’ whose children par-
ticipate in music classes usually have positive beliefs towards the general educational benefits
and significance of music practice [66], [68], and that parental attitudes can be positively
associated with children’s musical attainment and motivation [41], [67], [69]. Furthermore,
the majority of parents of preschoolers who expressed positive beliefs about the benefits of
music education also reported high frequency of singing and listening to music with their
children [31]. Qualitative analyses of parental responses to surveys examining musical
engagement in the home, have also provided illustrative examples of how parents’ attitudes
and beliefs about the benefits and functions of music influence the use of music in the home
environments of infants [30] preschoolers [64] and young children [65]. Taken together, the
above findings indicate that parental attitudes and beliefs are important influences on chil-
dren’s musical experience in formal or informal settings. Therefore, this subscale provides a
consistent measurement of a dimension that will contribute to providing a complete picture
of the home musical environment.
Table 5. Convergent and divergent validity of the Music@Home Preschool and Infant versions and associations with parents’ musical background (Musical Train-
ing and Active Engagement subscales from the Gold-MSI) as well as the quality of the home learning environment (reading and parental involvement in develop-
mental advance subscales from the StimQ inventory).
CMBI StimQ-Reading StimQ-PIDA Gold-MSI -Act Eng Gold-MSI—MusTrai
M@H-Preschool general factor .49 .09 .04 .40 .05
Parental beliefs .45 .11 .03 .39 .05
Child’s active engagement .37 -.02 -.02 .17 .03
Parent init of mus behaviour .46 .07 .03 .36 .05
Breadth of musical exposure .24 .13 .08 .34 -.00
M@H-Infant general factor .53 .12 .20 .24 .23
Parental beliefs .40 -.11 .03 .38 .37
Child’s active engagement .32 .27 .33 .07 .06
Parent init of singing .38 .03 .08 .18 .14
Parent init of music-making .48 .06 .07 .14 .17
Note:
p <.05,
p <.01,
p <.001,
M@H = Music@Home, Parent init = Parent initiation, CMBI = Children’s Music Behavior Inventory, PIDA = Parental Involvement in Developmental Advance, Gold-
MSI-MusTrai = Gold-MSI-Musical Training.
https://doi.org/10.1371/journal.pone.0193819.t005
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The “Child engagement” subscale, which represents children’s active participation and ini-
tiation of musical activities, was a factor that surfaced in both infant and preschool versions of
the Music@Home. Musical behaviours that emerged as important for each version reflected
characteristics of the different age groups (e.g., example item from the infant version: “Music
does not evoke a physical response from my child”; example item from the preschool version:
“My child enjoys making sounds/interacting with musical instruments, including toy ones”).
Children’s musical engagement and participation has been thoroughly addressed in the work
of Valerio et al. [42] who constructed a parent-report questionnaire with the specific aim of
documenting preschool children’s musical behaviour (the Children’s Musical Behavior Inven-
tory or CMBI) in order to best meet the musical needs in childcare and school settings.
Although this is the only existing validated measurement of children’s musical engagement,
the importance of observing and documenting aspects of the child’s music-related behaviour
in musical development research and music education has long been recognized [43], [70–75].
Including a relevant subscale in a systematic instrument assessing informal musical home
environment such as the Music@Home opens new avenues for exploring, in experimental
contexts, how the interplay of parent-child characteristics may affect the child’s experience as
well as children’s developmental outcomes.
The “Parent Initiation of Musical Behaviour” subscale of the Music@Home-Preschool
indexes parent-triggered musical engagement, such as singing and making music with the
child. Undoubtedly, parent-child musical interactions are a crucial aspect of the home musical
environment and a higher frequency of these activities during the early years has previously
been associated with positive outcomes, such as enhanced auditory sensitivity [37] and better
vocabulary skills [38]. Along with parental beliefs and attitudes, parental musical involvement
with their children at home, has been recognized as an important influence in children’s musi-
cal attainment [41].
Although in the Music@Home-Preschool singing and music making comprised a single
factor exhibiting very good internal reliability, these two activities emerged as separate factors
in the Music@Home-Infant. The distinction between the two versions’ factor structure pre-
sumably reflects differences in the extent to which parents of different age groups engage in
the two activities. Clearly, infants until the age of 2 years engage in active music—making to a
lesser extent, while parental singing appears to hold a central role in regulating arousal [21]
and building emotional interaction [76–77] in infancy. Furthermore, approaching singing in
infancy as a separate dimension highlights the importance that this activity may carry for
developmental outcomes such as socio-emotional and communicative development [78] and
language learning [24– 25]. Indeed, due to the rhythmic and melodic properties of song that
emphasize and exaggerate speech elements, singing has been shown to facilitate phonetic
learning in 6- to 8- and in 11-month-olds [24–25]. Another possibility is that infants benefit
from the combined input of music and lyrics, since a second source of information (music)
provides additional cues to help them identify structure in the first source (words and sylla-
bles) [25]. Furthermore, Van Puyvelde and Franco [78] have proposed that the melodic pat-
terns and moments of ‘tonal synchrony’ observed in parent-infant vocal interactions [79],
which facilitate affective co-regulation [77] may well be a prerequisite for later social develop-
ment. Therefore, since one of the key aims of developing the Music@Home questionnaire is its
future use in experimental research, addressing the potential effects that aspects of the home
musical environment may have on development, including parental singing as a separate sub-
scale for the infant version is well motivated and supported by existing literature.
Another dimension that emerged in the Music@Home-Preschool but not the Infant version
refers to the breadth of musical exposure in the home, including music that is sung or listened
to. This grouping of items reveals an aspect of the musical home environment that has not
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previously been addressed as a separate dimension of potential importance. Questionnaires or
interviews in previous studies have embedded items about the quantity of music heard in the
home or the number of musical resources such as CD’s, musical and toy instruments [28],
[33], [40–41]. However, exposing the child to a broad range of musical styles either via song or
music listening may reflect qualitative differences in individuals’ appreciation of music and
motivation to include their children in their musical interests. Not surprisingly, this factor was
associated with personal engagement of parents with music. However, it was not correlated
with musical training suggesting that it does not represent formal musical experience but
potentially reflects a unique type of musical sophistication that may extend to how parents
interact musically with their children. Exploring the associations of this dimension with other
potential variables such as personality characteristics is an interesting question for future
studies.
It is important to note that one of the factors that was initially revealed as relevant to the
Music@Home-Infant experience, namely “Emotion Regulation”, showed low reliability when
evaluated with a new sample of participants. This is surprising, given that mood regulation
appears to be a central function of music and singing in the infant years [33], [35], [70]. One
possibility is that a very small number of items were included in this subscale contributing to
low reliability of the factor. Another possibility is that the negative items in the subscale (two
of three items were negatively worded) were unclear to participants leading them to respond
erratically thus affecting intercorrelations between items and compromising internal reliabil-
ity. As test-retest reliability of this subscale was also low, it was subsequently removed from
further analysis.
Strong associations were observed between all subscales of the Music@Home-Preschool
and Infant, and a subscale of the CMBI measuring parental involvement with music (i.e., Par-
ent Music Activities). This establishes convergent validity of the Music@Home questionnaires.
Notably, although highly significant, correlation coefficients were not higher than .6, suggest-
ing that Music@Home measures a relevant but not identical construct to the CMBI-Parent
Music Activities. Divergent validity of the questionnaires was also established, as weak to mod-
erate associations were found between most of the dimensions of the Music@Home Preschool
and Infant, and two subscales from a validated instrument (i.e. Stim-Q) assessing the learning
environment of young children at home (Reading and Parental Involvement to Developmental
Advance or PIDA). These results suggest that the music at home experience as assessed with
our newly developed questionnaire can be disentangled from general engagement of parents
with their children. A moderately significant correlation that was observed between the Musi-
c@Home-Infant general factor and the PIDA subscale suggests that in the case of infants, there
is a stronger coupling between engaging in musical activities and promoting learning in other
domains.
Interestingly, stronger associations were observed between the Child Engagement subscale
of the Music@Home-Infant and both the Reading and PIDA subscales. However, since this
subscale reflects infant attitudes and behaviours towards music, it is unlikely that it assesses a
concept similar to general parental engagement. Rather, it is possible that this finding hints at
an association between the level of parent-child engagement in various activities and the
child’s attitude towards these activities. In line with this view Kuhl [80–81] has argued that
interpersonal engagement can have determinant effects on infant attention and arousal.
Further supporting the above argument, Child Engagement from the infant version was the
only factor that was not related to parental musical characteristics as measured with the Gold-
MSI subscales (Active Engagement and Musical Training). This suggests that, on one hand,
young infants are not yet in a position to imitate or be influenced by their parents’ personal
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interests and on the other hand, that they may benefit more from active participation in joint
activities.
Differential associations emerged between the subscales of the Gold-MSI and the two ver-
sions of the Music@Home. More specifically, the general factor and all subscales of the Musi-
c@Home –Preschool showed strong associations with parent’s personal engagement with
music (Active Engagement factor) but not with their level of formal musical training (Musical
Training factor). On the other hand, the Music@Home-Infant general factor and most of the
subscales showed strong associations with both these factors, consistently with Custodero and
Johnson-Green [43] who found that musically trained parents were more likely to engage
musically with their infants. These findings possibly reflect differences between the two age
groups’ characteristics and modes of interaction. In the case of preschoolers, where there is a
more limited time window for parent-child engagement and a broadening of external influ-
ences due to changes in everyday activities (e.g., parents may be back at work, children may be
attending nursery), it is the parents’ level of personal engagement with music that affects the
mode of interactions with their children, whereas musical training (which may have been
received some years ago) does not determine their current level of joint activities to the same
extent. In the case of infants however, there might be a greater opportunity for parental charac-
teristics to be reflected in the way they interact with their young ones, either due to spending a
greater amount of time at home with infants relative to preschoolers (see [82] for statistics on
children attending day care in function of age), or because personal inclinations may weigh
more in orienting the choice of activities at developmental stages in which children have more
limited vocal and motor abilities. Future studies need to address these alternatives more specif-
ically in order to elucidate their potential role in shaping everyday musical experiences at the
start of the developmental path.
In conclusion, the Music@Home Preschool and Infant questionnaires provide research-
ers and educators with a novel, quick-to-administer, valid and reliable instrument for the
systematic assessment of the home musical environment. Importantly, our instrument
brings together for the first time novel dimensions such as breadth of musical exposure, and
combines them with more typically studied aspects of musical experience, allowing for a
comprehensive tool to capture the extent of musical activities occurring informally within
the home. Future studies can make use of this systematic instrument to explore the nature of
the home musical environment and examine its associations with individual and parent
characteristics. Crucially, we envisage this questionnaire to be of use in research investigat-
ing the potential contribution of the home musical environment to various developmental
outcomes.
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